トウチャクリツ ニ ドウテキ ニ テキオウ スル ストリーム データ ショリ スケジューリング ノ ケンキュウ by 有次, 正義 et al.
熊本大学学術リポジトリ
Kumamoto University Repository System
Title ?????????????????????????
???????
Author(s)??, ??
Citation
Issue date2008-05
Type Research Paper
URL http://hdl.handle.net/2298/10948
Right
?????????????????????
???????????
18500073
??18?????19??????????
????????????????
?? 20? 5?
??????????
????????????????
??????
?? 18????? 19?????????? (?????C))?????
?????????????????????????????????
? 18500073????????????????????????????
?????????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
????????????????????????????????
?????
???????????????????????????????
?????????????????????????????????
????????????????????????????????
????????????????????????????????
?????????????????????????????????
????????????????????????????????
????????????????????????????????
?????
????????????????????????????????
???????????P2P?????SMT?????????????
?????????????????????????????????
????????????????????????????????
?????????????????????????????????
????????????????????????????????
??????????????????????P2P????????
?????????????????P2P???????????SMT
????????????????????????????????
?????????????????????????????????
???????????????????????????? P2P??
?????????????????????????????????
?????????????????
1
????
????????????????????????????
????? (???)
(??????)
???? ???? ??
?? 18?? 2,100,000 0 2,100,000
?? 19?? 1,500,000 450,000 1,950,000
?? 3,600,000 450,000 4,050,000
????
1. ????
(a) ?????????????????????????P2P?
??????????????????Letters, 5(2), pp.9–12,
2006.
(b) ???????????????????????????
???????????????????????????
Letters, 6(1), pp.33–36, 2007.
(c) ??????????ExT: ???????????????
????????????????????????????
?????????D?J90-D(7), pp.1744-1754, 2007.
2. ????
(a) ????????????????????????? P2P
?????????????????? 18????????
????? (DEWS2007), 2007.
(b) ????????????????????????????
???????????, ????????? 18?????
???????? (DEWS2007), 2007.
2
(c) ?? ???, ?? ????????????????? SMT
??????????????????????, ?????
???? 18????????????? (DEWS2007), 2007.
(d) B. Purevjii, M. Aritsugi, S. Imai and Y. Kanamori: An Imple-
mentation Design of a Fine-Grained Database Access Control,
11th International Conference on Knowledge-Based and Intel-
ligent Information & Engineering Systems, Springer Lecture
Notes in Artiﬁcial Intelligence 4693, pp.752–760, 2007.
(e) H. Takamizawa and M. Aritsugi: Applying Privacy Preserv-
ing Count Aggregate Queries to k-Classiﬁcation, 11th Inter-
national Conference on Knowledge-Based and Intelligent In-
formation & Engineering Systems, Springer Lecture Notes in
Artiﬁcial Intelligence 4693, pp.761–768, 2007.
(f) ????????????????????????????
?????P2P?????????????????????
???????????????????? 2008?2008.
3
????????????????
????????????????????
4
??
??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????MandF? adaptive MandF???? ExT???????
???????????????????????????????????
????????????????????????????????????
???????????????????????????????????
???????????????????????????????????
??????????????????
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? 1 ?
????
???????????????????????????? Aurora[1]? STREAM[2]?
TelegraphCQ[3]?????????????????????????????????
?????????????????? [4]?????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
??????????????????????????
???????????????????????????????????????
?????????????????????????????? [5]?????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
??????????????????????? [6]????????????????
???????
????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
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?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????
?????MandF[7]? adaptive MandF[8]???? ExT[9]??????????????
?????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????MandF?
????? 2?????????????????????? adaptive MandF???MandF
?????????????????????????????????????????
??????? ExT???????????????????????????????
??????????????????? 3?????? ExT????????????
????????????
???????????????? 2??????????????????? 3????
?????????????????????????????????????????
???????? 4??MandF?? 5?? adaptive MandF?? 6?? ExT??????
???? 7????????????????
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? 2 ?
????
2.1 ??????????
????????????????????????????????????????
???????????????????????????????????? 1???
?? TelegraphCQ[3]????????? TelegraphCQ???????????????
?????????????????????????????????? CACQ[10]?
PSoup[11]????????????????????????????????????
?????????????????????????????????????????
?????????? Flux[12]? scalability???????????? shared nothing?
?????????????????????????????? Eddies[13]?????
???????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????????? XJoin[14]
?? non-blocking???????????????? Symmetric Hash Join??????
?? 2???????????????????????????????MJoin[15]?
?? XJoin???????????????????????????????????
?????????????????????????????????????????
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???????????????????????????????? Ding??????
MJoin[16]?? XJoin????? punctuation????????????????
PWJoin[17]?????????????? punctuation????? punctuation???
???? value-based?????????????????? punctuation???????
?????????????????????????????????? time-based?
?????????????????????????????????????????
?????????? 10?????? punctuation????? 10??????????
?????????????????????????????????????????
?????
?????????????????????? Kang? [18]?Golab? [19]????
Kang? [18]? Symmetric Hash Join????? 2?????????????????
?????????????? 2??????????????????????????
?????????????????????????????????????????
???????????Golab? [19]???????????????????????
????????????? Nested Loop?????????????????????
?????????????????????????????????????????
?????????
2.2 ???????????????????
MQT[6]????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????
Viglas? [20]?????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
????????????
[21, 22]? adaptive MandF??????????????????????????
?? [21]????????????????????????????????????
????????? [22]??? [21]????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????
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RxW[23]???????????????????????????????????
????????????????????????????????????? RxW?
?????????????????????????????????????????
?????????????????????????????????????????
??????????????????????????? starvation????????
?????????????????????????????????????? RxW
?????????????????????????????????????????
????????????
?????????????? 1???????? Load Shedding???????? [24,
25, 26]??????????????????????????????????????
???????????? STREAM[24]??????????????????????
?????????????????????????????????????????
??????????????????????????? Load Shedding??????
??????????????????????????????????
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? 3 ?
??
3.1 ?????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????? 2?????????????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
????????????
???????????????????????????????????????
?????????????????????????????????????????
???????????????? [6]???????????????????????
Value TimestampLocationID
? 3.1: ????????????????
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SELECT
FROM
WHERE
WINDOW
Temperature A, Humidity B
A.Value > Threshold_t and B.Value > Threshold_h
A.LocationID = B.LocationID and
COUNT (DISTINCT A.LocationID)
1 min;
? 3.2: ????? : Q1
SELECT
FROM
WHERE
A.LocationID, MAX (A.Value), MAX (B.Value)
Temperature A, Humidity B
A.LocationID = B.LocationID
A.LocationID
1 hour;
GROUP BY
WINDOW
? 3.3: ????? : Q2
2????????????????????????????????????????
????????????? 3.1? 3.4???? [6]?????????
? 3.1?????????????????????????? LocationID?????
?????? Value?????????? Timestamp????????????????
???????
? 3.2?? 3.3?????????????????????????????????
? 3.2????????????????????????????? 1????????
?????????????????????????WINDOW??????????
?????????????????????????????????????????
????????? 3.3????????????????????????? 1????
?????????????????????????????????????????
?????????????????????
????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
??????
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a1a3a5
b0b2b6
A
B
b4
1 min
1 hour
1
2 Q2
Q1
Join phase
MAX
Next phase
COUNT
? 3.4: ?????????
3.2 ?????????
[27]?????????????????????????
• rapid : ????????
• unpredictable : ????????????
• time-varying : ???????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????
? 3.4??? 3.2?? 3.3??????????????????????????Q1 ?
Q2 ??????? 3.2?? 3.3???????????????????????????
?? A? B??????? 3.1??????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
??????????????????????????????????????
???????????????????????????????????????
????????????????????????????????????????
??????????????????????????????????? 3.4????
???????????????????Q1??????????? Q2???????
? 3.4???Q2??????Q1?????????????????????????
??????????????????????????????????????
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a9a11 a7 a5 a3 a1
b12 b10 b8 b6 b4 b2 b0
2w
2w
3w
3w
6w
6w
B
(a5,b12)
(a3,b12)
(a1,b12)
(a11,b6)
(a11,b8)
new
old(a11,b10)
(a11,b4)
(a11,b12)
(a11,b2)
(a11,b0)
(a9,b12)
(a7,b12)
A
1
2
3
6
5
4
Q3
Q4
Q5
Q3
Q4
Q5
? 3.5: FCFS?????????????
3.3 FCFS
FCFS?First Come First Served????????????????????????
??????????????????????? 3.5?? a11 ? b12 ?????????
????? FCFS????????????????????????????????
???????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????? |s|??????????????????????
? O(log |s|)????
3.4 MQT
MQT?Maximum Query Throughput? [6]????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
????????
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a9a11 a7 a5 a3 a1
b12 b10 b8 b6 b4 b2 b0
2w
2w
3w
3w
6w
6w
A
B
(a11,b4)
(a7,b12)
(a9,b12)
(a11,b2)
(a11,b0)
(a5,b12)
(a3,b12)
(a1,b12)
(a11,b12)
(a11,b6)
(a11,b8)
(a11,b10)
new
old
6
4
3
1
2
5
Q4
Q5
Q3
Q3
Q4
Q5
? 3.6: MQT?????????????
? 3.1: MQT??????
— w3 w4 w5
0 1
2w
2
3w
2
3w
w3 —
1
w
1
w
w4 — —
1
3w
MQT (PW (0, w2))
= max{ C01
pw01
, C02
pw02
}
= max{ 1
2w
, 2
3w
}
= 2
3w
? 3.6?? a11 ? b12 ??????????????MQT?????????????
??????????????????????Q4 > Q3 > Q5 ??????????
????????????????Q4 ??????Q3 ???????????Q4 ?Q3
???????Q5??????? 1????????????????????????
?????????????????????????????????????????
??????????????? b12 ? Q4??? a11?Q4 ?????????
MQT?????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????N ?????MQT?
N2 ???????????????????????????????????????
???????? 3.6???????? 3.1????
????????????????????????????????????????
??????? q1 · · · qN ???????????????? w1 · · ·wN ?????????
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?????????????????????????? wi?????????????
??????????? wj ????? wi? wj ??? PW ?Partial Window?????
?????
PW (wi, wj) = {pwik | pwik = wk − wi, for i + 1 ≤ k ≤ j}
??????????????????? wi? wj ? PW????? PW (0, wj)????
????????????? 1????????????????????
??????? wi??????????????????????? Ci??????
????? wi?????????Queries(wi)????? Ci?????????
Ci =
i∑
l=1
Queries(wl)
????? wi?????? wj ???? pwij ????? pwij ?????????????
Cij ?????????
Cij = Cj − Ci
pwij ????????? pwij ?????????????? pwij ?????????
?????????? Cij
pwij
????????????????????? PW (wi, wj)?
????? pwij ?????????????????????????????????
?????????
MQT (PW (wi, wj)) = max{ Cij
pwij
| pwij ∈ PW (wi, wj)}
???? 2?????????????????????? N2 ????????????
?????????????????????????????MQT?????????
??????????????????????????????????
????????????????????????????????????????
????????? 3.6?????????????Q4 ???????? Q5?????
????????????????????Q4???????????????????
??Q5 ????Q5 ???????????????????????????????
????????????????????????????? |s|??????????
????????????? O(log |s|)??????????? FCFS?????????
??????????????
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a9a11 a7 a5 a3 a1
b12 b10 b8 b6 b4 b2 b0
A
B
new
old
Q3
Q3
Q5
Q4
Q5
Q4
(Q3, Q4 for a1)
(Q3, Q4 for b0)
? 3.7: ????????????MQT
3.5 ????????????
????????????????????????????????????????
?? CPU????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
???????????????????????
? 3.7???????????????MQT???????????????????
?????????????????????????????? b0 ????Q3 ?Q4 ?
?????????? b0 ????Q5 ??????Q5 ?????????????? b0 ?
?????? b0 ???? Q5????????????????????MQT????
?????????????????????????????????????? FCFS
????????????????????????
??? 3.7???Q5 ??????????????????MQT?????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
??????????????????????? 1?????????????????
?????????????????????????????????????????
???????
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? 3.8: ????????????????????
q1
max [sec]min
q9
q10
q2
a
d
M
c
b
qn
qn+1
(100 − e) %
e %
? 3.9: ????????
3.6 ?????????????????
????????????????????????????????????????
??????? 1??????????????????? 3.8????????????
????????????????????????????????????????
?????????????????????????????????????????
???????????????????????
???MQT??????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
?????????????? 10?????????????????????????
?????????MQT?????????????????????????????
MQT??????????????????????????????????????
?????????????????????????????????????????
??
? 3.9????????????????????????max = 3000???????
?? 3????? 8???????????
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• b < · · · < M < · · · < c? e = 50????
min = 1 < a < b < · · · < M < · · · < c < d (3.1)
• b ≥ · · · ≥ M ≥ · · · ≥ c? e = 50????
min = 500 ≥ a ≥ b ≥ · · · ≥ M ≥ · · · ≥ c ≥ d (3.2)
• d < M < max????
e = 20, 50, 80??(3.1)??(3.2)
1. MQT? FCFS?????????????????
????????? 1,2,3,4,5,6,7,8,9,10
2. MQT? FCFS???????????????
????????? 1-10
3. ? 50%?? 50%??????????????
????????? 1,2,3,4,5,6-10
4. ? 50%?? 50%???????????????
????????? 1-5,6-10
5. ? 20%?? 80%??????????????
????????? 1,2,3-10
6. ? 20%?? 80%???????????????
????????? 1-2,3-10
7. ? 80%?? 20%??????????????
????????? 1,2,3,4,5,6,7,8,9-10
8. ? 80%?? 20%???????????????
????????? 1-8,9-10
3.4????????MQT???????????????????????????
?????????????????????????????????????????
?????????????? 8??????????????????????????
????????????????? 8????????????????????
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q1
q3
q5
q9
query execution order  =
q2
q4
q7
q8
q6
q10
1, 2, 3, 4, 5, 6, 7, 8, 9, 10
? 3.10: 1.???
q1
q3
q5
q7
q9
query execution order  =
q10
q8
q6
q4
q2
1−10
? 3.11: 2.???
? 3.10?? 3.17??????? 8????????????????????????
????????????????????????????????????????
????? 1,2,3-10?????? 3??????????? 10????????????
???
??????????????? 3.10?? 3.11?????????? 3.10??MQT?
FCFS???????????????????????? FCFS????? 1????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????? q1 ????????
? q2??????????? q2 ????????? q3??????????MQT? FCFS
?????????????????????????????????????????
?????????? 1??????????????????????????????
????????? q1 ?????????????????????????? 3.10??
3.12?? 3.14?? 3.16????????????????????????????
? 3.11??MQT? FCFS???????????????????????????
??????????????????????????????????? q1 ? q10?
??????????????????????? q1 ? q10?????????????
???????????MQT? FCFS??????????????????????
???????????????????????????????? 1????????
????????????????????????????????? q1 ??????
???????????????? 3.11?? 3.13?? 3.15?? 3.17??????????
?????????????????????????????????????????
?????????????
? 3.12?? 3.17??? 3.10?? 3.11???????????????????????
?????????????????????????????????????????
20:80? 50:50? 80:20???????????? 3.10?? 3.11?????????MQT?
FCFS??????????????????????????????????
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q1
q2
q3
q4
q5
q6
q7
q8
q9
q10
query execution order  = 1, 2, 3, 4, 5, 6−10
? 3.12: 3.???
q1
q3
q5
q7
q9
q2
q4
q6
q8
q10
query execution order  = 1−5, 6−10
? 3.13: 4.???
q1
q2
q3
q4
q5
q6
q7
q8
q9
q10
query execution order  = 1, 2, 3−10
? 3.14: 5.???
q1
q2
q3
q4
q5
q6
q7
q8
q9
q10
query execution order  = 1−2, 3−10
? 3.15: 6.???
q1
q2
q3
q4
q5
q6
q7
q8
q9
q10
query execution order  = 1, 2, 3, 4, 5, 6, 7, 8, 9−10
? 3.16: 7.???
q1
q2
q3
q4
q5
q6
q7
q8
q9
q10
query execution order  = 1−8, 9−10
? 3.17: 8.???
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? 4 ?
MandF
????????????????????????????????????????
????????????????????????????????MandF[7]????
????????????????????????????????????MQT??
?????? FCFS????????????????
4.1 ??????
4.1.1 ????????????????????
???????????????????????????????????????
??????????????????????????????????MQT????
?? FCFS???????????????????????????????????
?????????????????????? 1??????????????????
?????????????????????????????????????????
????
MandF????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
??????????????????????????
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? 4.1: ?????????????
— w1 w2 w3
0 1
2w
2
3w
2
3w
w1 —
1
w
1
w
w2 — —
1
3w
⇒
w1 w2 w3
2
3w
2
3w
1
3w
4.1.2 ????????
???????????????????????????????????????
????????????????? 3.8??????????????????????
?????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????
??????????????MQT????????????MQT???????
????????????????????????????????????????
??????????????????????????MQT????????????
?????????????????????????????????????? 3.1?
???????????????? w2??????????????????? w3 ??
??????????
? 4.1??? 3.1??????????????????????????? w1????
??????????????????? w1??????????????? w2???
????????????????????????? w1??????????? w2?
???????????????? w2??????????????? w2? w1???
???????? 0?? w2???????? 23w ???? w3?????????????
?? w3? w2??????????????? w2?? w3???????? 13w ????
???????????????????????????????????????
???????????????????????????????????? S ???
??????????????????????????????????
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? 4.2: ???????????
CPU Intel Pentium II 400MHz
??? 256MB
OS Red Hat Linux 9 (2.4.20)
???? Java (J2SE 1.4.1)
4.1.3 ?????
?????????????????????? α???????? α????????
?????????????????????????????????????????
???????????
?? α?????????????? 1?????????????????????
????????????????????????????? β ?1?????????
???????????????? β ????????? α?????????
α = 1??????????????? · β ·???
???? 4.1????? 1???????????????? 2
3w
+ 2
3w
+ 1
3w
= 5
3w
????
????? β = 0.2?????????? w3????????????????????
??????????
4.2 ????
??????????????????????????????????????
4.2.1 ????
??????????????????? 4.2???????? 4.1?????????
??????????????????????????????????????? [6]
?????????????????? 2?????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????MQT?????
???????????? FCFS?????????????????????????
?????????????????????????????????????????
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Data Source 1
Data Source 2
Data
Data
Wrapper 1
Wrapper 2
Data
Data
Window 1
Window 2
Workload Checker
arrival rate
arrival rate
check
check
Processor
MQT or FCFS
Join
Join
? 4.1: ?????????????
SELECT
FROM
WINDOW
*
[sec]
WHERE
Data Source A, Data Source B
A.LocationID = B.LocationID
? 4.2: ??????????
start
stage 2 stage 3 stage 4stage 1
500 [sec] 500 [sec]
end
500 [sec]500 [sec]
7 * 500 500 5007 * 500
? 4.3: ?????????????
4.2.2 ?????????????
1?????????? 4.2???????? 10??????????????????
SELECT?? FROM??WHERE??????????WINDOW?????????
???????????????? 3.1????????????? Value???????
???? Timestamp????????????????????? LocationID????
? 1????
?????????? 2????????????????????????????
??????????? 5000???????? 1??????????????????
????????????? 80%???????????????????????? 20%
?????????????????????
????? 4.3??????????????? 500???????? 2????? 4?
500?????? 1????? 3? 7?? 3500??????????????? 0.5??
?????????? 1??????????????????????????????
??????????????????? β ? 0.05????
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? 4.4: ???????? ? 4.5: ?????????
4.2.3 ?? 1 : ?????????????
? 4.4?? 4.5???????????????????????????????MQT?
MandF??????? FCFS???????????????????????? 5??
????????????? x???? 4.3??????????????????? 1?
???? 3??????? 2????? 4??????????????????????
y??????? 1?????? 4?????????????????????????
?????????????????????????????????????????
??????????????????????????? 4????????? 1???
??? 3?????????????????????
? 4.4?? 4.5????????????????MQT??????????????
??????????????????????????? FCFS??????????
????MQT?????????????????????????? 4.4??????
????????? 4.5????????????????? 100%??????????
???????????????????????????????
???MQT? FCFS?????????? 1????? 3????????????
???????MQT???????????????????????????????
2????? 4??????????????????? 1????? 3????????
????????????????????????? 2????? 4?????????
????????????????????????????????? 1????? 3?
?????????????? 2????? 4????????????????????
???????MQT????????????????????? 2????? 4??
???????? FCFS???????????????????????????
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? 4.6: ?????????P1? ? 4.7: ??????????P1?
? 4.8: ?????????P2? ? 4.9: ??????????P2?
4.2.4 ?? 2 : ??????????
?????????? P1? P8?? 3.6?????? 8??????????????
?? 8?????????????? P1? P2???????????
? 4.6?? 4.7?????MandF????? 1????????????MQT????
???????????????????????????MQT???????????
????????????????????? 2??MQT?????????????
??????????????????? 1?????????????????????
??????????????????????????? 3?????????????
??????? FCFS???????????????????????? 2?????
? 3???? FCFS?????????????? 4?????? 2?????????
??????????????????? 4.8?? 4.9????????????????
3????????????????????????????????????
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? 4.10: ?????????P3? ? 4.11: ??????????P3?
? 4.12: ?????????P4? ? 4.13: ??????????P4?
4.2.5 ?? 3 : ??????
? 4.10?? 4.21??????????????????????????????MQT
? FCFS????????????????????????????????????
??????????MQT????????????????????????????
?????????????????????????????????????????
????????? FCFS???????????????MQT??????????
??????????MQT?????????????????
? 4.10?? 4.11????????????????????????????????
?? FCFS?????????????MQT?????????????????
? 4.12?? 4.13????????????????????????? FCFS????
???????????????
? 4.14?? 4.15????????????????????????????????
FCFS?????????????????MQT?????????????????
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? 4.14: ?????????P5? ? 4.15: ??????????P5?
? 4.16: ?????????P6? ? 4.17: ??????????P6?
? 4.16?? 4.17?????????????? 4.8?? 4.9?????????????
??? FCFS???????????? 3???????????????????
? 4.18?? 4.19?????????????????????????????????
?????????????????????????????????????????
?????MQT?????? FCFS???????????
? 4.20?? 4.21??????????????????????MQT???????
????????????????????? FCFS?????????????????
?????????? 4.6?? 4.21? 3????????????? 1???MQT??
???????????????????????????MQT???????????
?????????????????????????? 2???MQT???????
??????????????????????????????????? FCFS??
????????????? 3???MQT????????????????????
?MQT???????????????
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? 4.18: ?????????P7? ? 4.19: ??????????P7?
? 4.20: ?????????P8? ? 4.21: ??????????P8?
4.3 ???
???????????????????????????MQT??????????
????????? FCFS????????????????????????????
?????????????????????????????????? 9??????
?? 7????????? 2???????????????????????
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? 5 ?
adaptive MandF
?????MandF???????????????????????????????
?????? adaptive MandF[8]???????????? β ??????????MandF
??????????????MQT? FCFS??????
5.1 MandF???
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
??????????????????????????
MandF??????????MQT? FCFS???????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????MQT? FCFS???????????????????????
??????????????????????MQT? FCFS???????????
???
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5.2 ??????
5.2.1 MandF?????????
MQT? FCFS?????????????????? α?????????????
??? S ????????????????????????????????????
?????????????????????????????????????????
???????????????????????? S ???????????????
???????????????????
?? α????????????? β ?????????? β ?? 1????????
????????????????????????????????????? 0?? 1
???????????????????? α?????????
α = 1??????????????? · β ·???
MandF??? β ??????????? S ??? α?????? FCFS?????? S
??? α??????MQT?????
5.2.2 ??????? β ????
β ???????????????????????????????????????
?? β ? 1?????? 0?????????????????????????? β ?
?????????????
β ? 1???????MQT????????????????????????????
β ??????? α?????????????????????MQT???????
????????????????????????????????????????
?????????????????????????????????????????
???????????????????????? FCFS???????? β ????
????????????
β ? 0??????? FCFS??????????????????????????
?? β ??????? α?????????????????????????? FCFS
?????????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
??????????????????MQT???????? β ??????????
??????
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5.2.3 β ????????
β ?????????????????????????????? 2???????
??????????????????????????? β ??? βupdate??????
?????????????????????????????????? β ?????
????????????????????????? 2????????????? β ?
?????????
5.2.4 β ?????????
β ???????????????????????????????? β ?????
?? βnext????????? β ??? βprev ?????????????? β ??? βnow
????? βnow ? S = α??? β ?????????????????
βnow =
S
1??????????????? ·???
??????????? βnext??????????? βnext? 0?? 1????????
??????
βnext = βprev +
(βnow − βprev)
???????????
???????????????????????next??????????????
????prev ???????????????now ???????????????next?
?????
???next =???prev +
(???now −???prev)
???????????
???MQT????????????????MQT? FCFS????????????
????FCFS ???????next?
(???MQT+???FCFS)
2
????????????
???????????????????????????
??? βnow? βnext????????????????? βupdate???????????
1. βnext > βnow(???? ? ?)
?? FCFS???????? βupdate = βnow
2. βnow == 0(??? FCFS??????????)
MQT??????????? βupdate = βnow
3. βnext < βnow(???? ? ?)
MQT???????????? βupdate = βnow
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4. βnow == 0(??? FCFS??????????)
MQT?????? βupdate = 0.01
5. βnext > βnow(???? ? ?)
FCFS???????????? βupdate = βnow
6. βnow == 0(???MQT??????????)
MQT????????? βupdate = 0.02
7. βnext < βnow(???? ? ?)
MQT??????????? βupdate = βnow
8. βnow == 0(???MQT??????????)
??MQT????????MQTβupdate = 0.03
5.3 ????
adaptive MandF?????????? 4.2.1??????????????????
5.3.1 ????
4.2???????????? adaptive MandF?????? adaptive MandF????
??? 4.2?????????????????? 4.2.1???????????????
?????? 4.2.2?????????? adaptive MandF???? β ????? 0.05??
??
5.3.2 ?? 1 : ?????????????
x???? 4.3??????????????? y??????? 1?????? 4??
?????????????????????????????????????????
?????????????????????????????????????????
? 4????????? 1?????? 3?????????????????????
?????
? 5.1?? 5.2?????????????????????????????????
???????????? 1????????????????????????????
?????????MandF?????????????? 5.1????????????
??? 5.2????????????????? 100%????????????????
?????????????????????????
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? 5.1: ???????? ? 5.2: ?????????
5.3.3 ?? 2 : ???????????
?????????? P1? P8?? 3.6?????? 8??????????????
?? 8?????????????? P1? P2???????????? 5.7?? 5.18?
??????????? 3???????????????????? P1? P8????
?????????????????????????????
P1? P4? P7? P8????MQT????????????????????????
? 3????????????????? P4? P7???MandF?MQT????? FCFS
??????????????????????????????????????
P4???MQT???????????????????????????MandF?
FCFS????????????????????????????????????MQT
???????????????????????MQT??????????????
P7???????????????????????????MandF?MQT???
?????????????????????MQT??????? FCFS??????
??????????? FCFS?????????????????????
P2? P3? P5? P6????MQT????????????????????????
MQT??????????????????????????????????????
???????? FCFS?????? P2? P6??????????????? FCFS?
????????????????? FCFS???? P3? P5??? FCFS??????
?????????
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? 5.3: ?????????P1? ? 5.4: ??????????P1?
? 5.5: ?????????P2? ? 5.6: ??????????P2?
5.4 ???
??????????????MandF???????????????MQT? FCFS
?????????????????????????????? adMandF??????
?????????????????????????????????????????
?????????????????????????????????????????
???????
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? 5.7: ?????????P3? ? 5.8: ??????????P3?
? 5.9: ?????????P4? ? 5.10: ??????????P4?
? 5.11: ?????????P5? ? 5.12: ??????????P5?
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? 5.13: ?????????P6? ? 5.14: ??????????P6?
? 5.15: ?????????P7? ? 5.16: ??????????P7?
? 5.17: ?????????P8? ? 5.18: ??????????P8?
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? 6 ?
ExT
????????????????????????????????????????
???????????????????????????? ExT?Executable interval
× Throughput decision factor? [9]??????
6.1 ??????
MandF? adaptive MandF?????? ExT??MQT? FCFS?????????
??????? ExT???????????????????????????????
?????????????????????????????????????????
???????????????????????????????????????
RxW[23]????????????????????????????????????
?????????????????????????????????????????
?????????????????????????? RxW????????????
??????????????????Executable interval??????????????
???????????????Throughput decision factor????????? 2???
?????????????????????
?????????????????????????? 3??? ExT???????
?? 3?????????????????????????????????????
??????????????????
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6.1.1 ????
??????????? S ????? |S|?∞???? S ?????? Si(0 ≤ i ≤ ∞)
????????????? S ???????????? s? s?????? si(0 ≤ i ≤
|s| − 1)???????????????????????? |s|???????????
???? s0 ?????????????????? s|s|−1 ??????????????
????????????????????????????????????? soldest?
????????? snewest????
N ??????????????????????????? L??? L??????
Lj(1 ≤ j ≤ N)????????? si(0 ≤ i ≤ |s|−1)???? Lj(1 ≤ j ≤ N)?Q[si][Lj ]
???????? Lj ??????????????????????Q[soldest][Lj ]????
???????????????? win???????????????????? qnum?
????????????? e?????????????? t? E×T???? et???
???????????????????????????? s????????????
?? e? t? et?????? 6.1.2??????????Q[soldest][LN ].e?? s?????
?????????????????????????????????????????
????????
????????????????????? S ???????????? Sinterval ?
?? Sinterval ????????????? Snum????? S ?????????????
?????
Srate =
Snum
Sinterval
ExT??????? 3.1?????????????????????????????
?? A? A???????????? a???????????????????? B ?
b?????????????? A? B ?????????
6.1.2 Naive ExT
ExT?? E ? T ????????? 2??????????????????????
?????? E? T ?????????????????????? E×T??????
????????????????????????? E×T?????????????
????????
??? E ?????? E ?????????????????????????
Srate = 0????Q[si][∗].e = 1
Srate = 0????Q[si][∗].e = ?????????????? =
(i− 1)
Srate
35
40
a13a15 a11 a9
b16 b14 b12 b10
A
B
Q3
Q3
Q5
Q4
Q5
Q4
b8
a3 a1
b2 b0
a7 a5
b6 b4
1
2
3
4
5
6
7
8
9
10
11
12
13
14
16
15
18
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? 6.1: ExT?????????????
E ???????????????????????????????????????
????????????? E ??????????????????????????
????????????
??? T ?????? T ?????????????????????????
j = 0????Q[∗][Lj ].t = Q[∗][Lj ].win
Q[∗][Lj ].qnum
j = 0????Q[∗][Lj ].t = Q[∗][Lj ].win−Q[∗][Lj−1].win
Q[∗][Lj ].qnum
T ???????????????????????????????????????
??????????????? T ????????????????????????
?????????????????????MQT?????????????????
????????
????????????? E ???????????????????????? T
????????????? E×T?????????????????????????
???????????????????? 6.1?? ExT??????????????
?????????????????????????????????????????
??????? E×T??????? 20??????????
ExT???????????????????????????? 0???? T ???
??????????????MQT?????????????? T ????????
?? E ????????????????? FCFS?????????????????
????????∞????????????????????? ExT???????
?MQT? FCFS??????
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ExT?????????????????????????????????????
????????????????????????????????????????
?? E ?????????????????? T ??????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????
????????????????????????????????????????
?????????? 6.3?????????????????????????????
???????????????????
1. base = 1; // ???????????????
N = ???????????????;
while(base ≤ N){
MaxS = 0; // ??????????
Qno = 1; // MaxS????????
for(int i = base; i ≤ N ; i++){
if( (Q[∗][Li].s ≥ MaxS){
MaxS = Q[∗][Li].s;
Qnum = i;
}
}
for(; base ≤ Qno; base++){
Q[∗][Lbase].s = Q[∗][LQno].s){
}
}
????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????
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??? Naive ExT??????????? ExT??? 1??????????????
????????????????????????????? 2.??????????
???? 2.????
1. E×T??????
exec = null // ?????????
for(???????????){
for(????????){
Q[soldest][LN ].e, Q[soldest][LN ].t, Q[soldest][LN ].et????;
exec = E×T????????;
}
}
2. Q[soldest][LN ]???????????????
plan[si][Lj ] = Q[si][Lj ]?E×T?????;
MAXtput = 0;
for(plan[soldest][LN ]??????????????????????????){
ptime = plan[soldest][LN ]??????????;
tput = plan[soldest][LN ]????????????;
if( (plan[soldest][LN ].e ≥ ptime) && (tput ≥ MAXtput) ){
MAXtput = tput;
exec =??????????;
}
}
1.????? O(|s| ·N)? 2.????? O(|s| log |s|) + O(|s| ·N) ??????????
? O(|s| ·N) + O(|s| log |s|)?????????MQT? FCFS????? O(log |s|)??
????????? Naive ExT????????????????? Naive ExT????
?????????????????????????????????????????
?????????????????
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6.1.3 Exaustive ExT
Exaustive ExT??? Naive ExT????????????????????????
???????????????????? E×T?????????????????
????????????????????????Q[soldest][LN ]??????????
?????????? ExT?????????????????? Q[soldest][LN ]????
??????????????????? E×T???????????????????
Q[soldest][LN ]???????????????Q[soldest][LN ]?? E×T????????
???????????????????????????????? E×T??????
?Q[soldest][LN ]????????????????????????????????
??? Exaustive ExT??????????????????????????? 2.?
????????????? 2.???? Naive ExT?????? 2.??????????
?????
1. Naive ExT??????
2. E×T????????????Q[soldest][LN ]??????????
ptime = E×T?????????????;
if(Q[soldest][LN ].e > ptime){
exec = Q[soldest][LN ];
}
1.????? O(|s| ×N)? 2.????? O(1)??????????? O(|s| ×N)????
?????????????????????????????????????????
??????????????????????
6.1.4 Pruned ExT
Pruned ExT??????????????????????????????????
??????????????????????? Pruned ExT???????????
????????????????? Exaustive ExT????? 1.???? E×T???
????????????????????????????????????????
????????????????????????Q[soldest][Lj ]? E×T???????
????
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? 6.1: ???????????
CPU Intel Pentium III 1400MHz
??? 512MB
OS Red Hat Linux 9 (2.4.20)
???? Java (J2SE 1.4.2)
??? Pruned ExT??????????????????????????? 2.??
???????????? 2.???? Exaustive ExT????? 1.??????????
?????
1. Q[soldest][Lj ]? E×T??????
exec = null; // ?????????
for(L?????????){
Q[soldest][Lj ].e, Q[soldest][Lj ].t, Q[soldest][Lj ].et????;
exec = E×T????????;
}
2. Exaustive ExT??????
1.????? O(N)? 2.????? O(1)??????????? O(N)???????
?????????????????????????????????????????
???????
6.2 ????
??????????????????????????????????????
6.2.1 ????
??????????????????? 6.1???????? 6.2?????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????????????
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Arrival rate checker Processor
Data Source A
Data Source B
Wrapper A
Wrapper B
Data
Data
Window A
Window B
notification
rate
Join
Join
rate check
checkrate
Data
Row
Row
Data
? 6.2: ?????????????
SELECT
FROM
WINDOW
*
[sec]
WHERE
SUCCESS 80 %
Data Source A, Data Source B
A.LocationID = B.LocationID
? 6.3: ????????????????
6.2.2 ?????????????
1?????????? 6.3???????? 10??????????????????
SELECT?? FROM??WHERE??????????WINDOW?????????
??????? SQL????????????????????? SUCCESS??????
?????? SUCCESS???????? 80%???????????????????
3.1????????????? Value??????????? Timestamp??????
??????????????? LocationID????? 1????
?????????? 2????????????????????????????
??????????? 100???????? 1??????????????????
????????????? 1%???????????????????????? 99%
???????????????????????????????? 5????????
??
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Q1
Q3
Q5
Q9
Q4
Q7Q8Q6
Q10
1
Q2
300 [sec]
? 6.4: ????????
??????? [6]???????????????????????????????
???????????????????????????????????? ON? OFF
?????????????????????????????????????????
???? ON??????????????????OFF??????????????
[6]??? ON? OFF???????? λ = 1.0????????? 1?????????
???????? α = 1.05???????????????????????? 1.0??
?????????? 21.0????????????????????????????
????????????? 3.0???????????? 42.0????????????
????? 1???????????????? 14.0???????
6.2.3 ?? 1 : ??????????
? 6.4?????????????????????????????????MQT?
FCFS??????????????????????????????????????
????????? 1???????????????????????????????
MQT??????????????????????????????????????
??????????????????Q1 ?????????Q2??????????
?Q2 ?????????Q3???????????????
? 6.5?? 6.8????????? Pruned ExT? Exaustive ExT????????MQT
? FCFS? 4??????? 300????? 6.4???????????????????
????? 6.5?? 6.7?????????????? 300???????? 60?????
??????????????????????? 60??? 300???????????
???????????????????? 10???????????????????
?????? 10?????????????????????????????????
???????????????????????
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01000
2000
3000
4000
5000
6000
7000
8000
9000
10000
11000
12000
13000
14000
15000
60 150 240
[秒]
[個]
FCFS
MQT
Pruned ExT
Exaustive
ExT
? 6.5: ??????
85
90
95
100
105
110
115
60 150 240
[秒]
[％]
FCFS
MQT
Pruned ExT
? 6.6: ???????? FCFS?
? 6.5?? 4??????????????????????????????????
????????????? Exaustive ExT??????????????????? 3
????????????????????????????????????????
?????? 6.2.4????????? 6.6??? 6.5???? FCFS??????????
???????????????????????? 90??????????? Pruned
ExT???????????????????? FCFS?MQT????????????
???????????????? FCFS??? 3?????????????????
??????????????????????????????????? FCFS??
??????????????????????????????????? 99%???
????????????????? 90???? Pruned ExT?MQT? FCFS????
??????????????
? 6.7?? 4????????????????????????????? Exaustive
ExT????????????????????MQT? FCFS? Pruned ExT????
????????MQT??????????????????????????????
?????????????????? FCFS? Pruned ExT????????????
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01000
2000
3000
4000
5000
6000
7000
8000
9000
10000
60 150 240
[秒]
[個]
FCFS
MQT
Pruned ExT
Exaustive
ExT
? 6.7: ??????
0
20
40
60
80
100
Q1 Q5 Q10
[％]
Pruned ExT Exaustive ExT
MQT FCFS
? 6.8: ?????????
????? FCFS????????????????????????????????
????????????? Pruned ExT?????????????????????
?????????????????????????????????????????
??????????????? FCFS??? Pruned ExT?????????????
???????
? 6.8?? 300?????????? 4??????????????????????
Q1 ?????Q10 ???????Q1?Q5?Q10 ?????? Pruned ExT? FCFS??
?????????? 80%????????????MQT???Q10 ????? 60%?
??????Q1?Q5? Q10 ???????????????MQT?????????
??????????????????????Q10 ????????????????
?????????? Pruned ExT???MQT??????????????????
?????????????? 80%???????????
? 6.5?? 6.8?????????????????????????????????
???????????????????????
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0.00
0.01
0.02
0.03
0.04
0.05
100 200 300
[データ]
[msec]
Pruned ExT Exaustive ExT
MQT FCFS
3.03 4.76 7.26
? 6.9: 1????????????
0.0
0.1
0.2
0.3
0.4
0.5
100 200 300
[データ]
[％]
Pruned ExT Exaustive ExT
MQT FCFS
 
14.8 18.5 22.8
? 6.10: ???????????
6.2.4 ?? 2 : ??????????
? 6.9??????????????????? 4?????????????????
300?????????????????????????????????? Exaustive
ExT??????????????? Pruned ExT?????????MQT? FCFS?
???????? Pruned ExT???????? 4?????????????????
??????????? Exaustive ExT?????? 3???????????????
?????
? 6.10????????????????????????????????????
?????????????????????????????????????????
??????????MQT? FCFS???? Pruned ExT?????????????
?????????????????????????????????????? 4??
????????????????????????????????????? 6.9??
?????? Exaustive ExT??? 3????????????????????
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6.2.5 ?? 3 : ???????????
??????????????????????????????? 3.9????max =
300???????? 6.4??? 8???????????????? Pruned ExT???
?????????????? FCFS???????????????????????
Pruned ExT????MQT? FCFS????????????
6.3 ???
???????????????????????????????????????
???????????? ExT???????????????????????? ExT
?????????????????????????????????????????
???????????????? ExT??????????????????????
?????????????????????????????????????????
????????????
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? 7 ?
????
????????????????????????????MandF? adaptive MandF?
ExT???????????????????????????????????????
?????????????????????????????????????????
???????
MandF????????MQT? FCFS?????????????????????
??????????????????????????? adaptive MandF??MandF
???????????????MQT? FCFS??????????????????
????? ExT???????MQT? FCFS????????????????????
????????????????????????????????????????
?????????????? ExT????????????????????????
????????????????????????????????????????
????????? Load Shedding???????????????????????
????????????????????????????????????????
?? Load Shedding???????????????????????????????
??????????????????????????????????
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